We have studied some properties of Nudaurelia capensis 13 virus, a non-occluded isometric RNA virus isolated from the infected larvae of the Pine Emperor moth,
INTRODUCTION
Nudaurelia capensis fl virus is one of five non-occluded viruses known to infect the Pine Emperor moth, Nudaurelia eytherea capensis (Lepidoptera: Saturniidae), in South Africa (Juckes, 197o ) . This virus was purified originally by Hendry, Bekker & van Regenmortel (1968) and was shown to be isometric and have a diam. of 35 nm. Hendry (1969) determined for this virus a corrected sedimentation coefficient of 220 S at infinite dilution and a nucleic acid content of about 12 ~. Tripconey (197o) obtained a sedimentation coefficient of 21o S and proposed from the results of electron microscopic studies that the virus was icosahedral with a total of I62 capsomeres. Using various hydrodynamic methods, as well as by particle counting in the electron microscope, Polson, Stannard & Tripconey (197o) determined the mol. wt. of the virus to be between 15"4 and I6"3 × IO 6. Juckes, Longworth & Reinganum (I973) (Fig. I) . The protein prepared from the NaOH step, although soluble, was shown by analytical ultracentrifuging to be aggregated and did not react with whole virus antiserum in immunodiffusion tests. This may have been due either to denaturation of the protein, or to a conformational change as a result of depolymerisation.
Nucleic acid was prepared from the virus nucleoprotein by two methods.
(I) Phenol extraction by the procedure of Knight (1963) . Generally four to five phenol extractions were necessary to produce a clear aqueous layer.
(2) SDS-hot phenol extraction at 6o °C. This procedure was developed due, as shown below, to the low yields and poor quality of the RNA obtained using method I. The nucleoprotein was first incubated at 6o °C for 3o min in the presence of I ~ SDS, I ~ mercaptoethanol, and o'o5 ~ polyvinyl-sulphate. During this period the virus opalescence disappeared and protein was then removed by the addition of one vol. of water-saturated phenol and, following emulsification, the phases were allowed to separate. The clear aqueous layer was removed and subjected to ether extractions at room temperature to remove the residual phenol.
The RNA of TMV was prepared by the phenol-detergent method described by Knight (1963) .
Following ether extractions, the concentrations of the nucleic acid preparations were determined spectrophotometrically using an extinction coefficient, o.~.~ E~60, of 25. For sucrose density gradient centrifuging, the nucleic acid was diluted to a concentration of 5o #g/ml and then dialysed against 1 × SSC (o.I 5 M-sodium chloride, o'o15 M-sodium citrate). All glassware and buffer solutions used in nucleic acid preparation were autoclaved before use.
For the isolation of RNA from Nudaurelia eapensis fl virus, method 2 was superior to method I in both quality and quantity of RNA. The yield of RNA was from 20 to 3o ~ of the total theoretical yield for method ~, and 65 to 85 ~o for method 2. The u.v. extinction spectra of the RNA obtained by these methods were identical (Fig. 1) . The E26o[E28o ratios varied between 2.o and 2-i, but method 1 always yielded a more degraded product than method 2 (see Results).
Polyaerylamide gel electrophoresis. The protein preparation in o.I M-acetate, pH 4"o, was examined on 5 to 8 ~ polyacrylamide gels made in the same buffer solution. Samples of 2o #1 of this protein solution at concentrations of I to 5 mg/ml in the above buffer solutions with 5 ~ glycerol, were applied to each gel. Electrophoresis was performed at I5O V (lO mA/tube) for 2 to 3 h at 4 °C. Gels were removed and stained in o'25 ~ Amido Black Io B in lO ~ acetic acid for 3 h and then de-stained in IO ~ acetic acid.
The mol. wt. of the virus protein was estimated in polyacrylamide gels using the method of Shapiro, Vinuela & Maizel (I967) , except that before electrophoresis the virus and marker proteins were boiled for 1 to 5 min in o.I M-phosphate, pH 7"2, containing i ~ SDS and 1 ~ mercaptoethanol. In some experiments, dithiothreitol was used as the reducing agent at concentrations specified by Schafer et al. (I97I) . Electrophoresis was performed in o'4 × 6-0 cm glass tubes. The protein markers utilized were ovalbumin dimer (Shapiro et al. I967) , ovalbumin monomer and cytochrome c. Approx. IO to zo #g of each sample were applied to each gel in a loading vol. of 2o #1. Protein mobilities were also measured in SDS-containing gels of 5, 6½, 8 and Io ~ acrylamide concentrations in order to estimate the virus protein mol. wt. according to the method of Hedrick & Smith (1968) . In these experiments, fllactoglobulin was also incorporated as a marker.
Other analyses. The base ratio of the virus RNA was determined by paper electrophoresis using the method described by Knight (1963) . The separated nucleotides were detected under a u.v. light, eluted with O.Ol N-HC1 and their concentrations determined from their extinction coefficients (Knight, I963) .
The phosphorus content of the virus was determined using the method of Allen (194o) . Virus was dialysed exhaustively against distilled water and samples were used for phosphorus analyses and for determining concentration by dry weight. The sedimentation characteristics of the virus RNA were investigated using o to 29.6 (w/w) linear-log sucrose density gradients (Brakke & van Pelt, I97oa) , following the procedure described by Gumpf (~97 I) for the Spinco SW 5o'I rotor. Gradients were drained using an LKB Re Cy Chrom peristaltic pump and the u.v. absorbing zones were detected using an LKB Uvicord u.v. light monitor. The sedimentation coefficient of the Nudaurelia capensis fl virus RNA was determined by the method of Brakke & van Pelt (i97ob) using TMV RNA as a marker.
The melting profile of the RNA was determined in a Unicam SP 800 u.v. spectrophotometer equipped with the SP 876 Temperature Programme Controller and heating stage.
Analytical ultracentrifuging was performed in a Beckman L2-65B ultracentrifuge equipped with a Schlieren optical attachment.
RESULTS

Virus polypeptide
Electrophoresis of the virus protein in a ~o ~ SDS-containing gel showed the presence of a single band. The electrophoretic migration of the virus protein relative to the standards in 5 ~ gels is shown in Fig. 2 . The average mol. wt. value obtained from ~2 estimations on 5 ~ gels was 62 ooo _+ iooo using either mercaptoethanol or dithiothreitol as reducing agents. Using the method of Hedrick & Smith 0968), plots of log Rm versus gel concentration yielded straight lines, which extrapolated to a common point at about 1% gel concentration (Fig. 3 a) . When the slopes of these lines were plotted against mol. wt., a calibration curve was obtained (Fig. 3 b) . The slope obtained with the virus protein corresponded to a mol.
wt. of 6oooo. The mol wt. of the Nudaurelia capensis p virus protein was thus established to be between 60ooo and 62000. This value was not altered by extensive boiling of the virus during protein preparation.
The u.v. extinction spectrum of the protein prepared by the formic acid method was typical of a protein with an E2so/E2oo ratio of 1.4 (Fig. I) 
Virus nucleic acid
The virus nucleic acid gave a positive orcinol reaction and a negative diphenylamine reaction, and was thus identified as RNA. The phosphorus content of the virus was calculated to be I'O3 ~_+ o.m ~, as the mean of 8 determinations. The results of the base ratio determinations are given in Table I . The average of 5 determinations yielded base ratios of 27.8 ~ guanylic acid, 22-6 ~ uridylic acid, 25"5 ~ cytidylic acid and 24. I ~ adenylic acid.
Initially, method I was used to isolate nucleic acid from the purified virus. The nucleic acid obtained showed a characteristic extinction spectrum (Fig. I) but showed much degradation; when sedimented on o to 29.6 ~ (w/w) linear-log sucrose density gradients, the material sedimented only a short distance from the meniscus (Fig. 4a) . It was thought that the addition of phenol may have resulted in the rupture of RNA: protein bonds, to produce degraded RNA. Method 2 was thus developed in order to solubilize the protein before the addition of phenol. The sedimentation pattern of the RNA prepared by method 2 is shown in Fig. 4b and indicates that the RNA is much less degraded than that prepared by method I. A sedimentation coefficient of 32"2 +_ I-O S was estimated from four sucrose density gradient analyses of the RNA prepared by method 2. The degradation found for the RNA prepared by method ~ appeared not to be the result of enzymatic degradation, either before or after release of the RNA from the virus. Virus incubated for 3o min at room temperature with ~o #g pancreatic ribonuclease/ml and then treated by method z, yielded RNA which sedimented as in Fig. 4b . Furthermore, highly degraded RNA was produced by method I if the virus was first incubated at room temperature in the presence of 1% SDS, 1% mercaptoethanol and o'o5 ~ polyvinyl sulphate under conditions which would inhibit or denature nucleases, but which did not cause loss of virus opalescence.
The melting profile of the RNA in o.I M-phosphate buffer solution at pH 7.2 showed a gradual increase in E260 and no marked discontinuity. Increase was maximal at 9o °C and was 2o % for RNA prepared by method 2 and 19 % for that prepared by method I.
DISCUSSION
A characteristic of Nudaurelia capensis p virus is its extreme stability in vitro. It resists degradation by treatment with mild alkali, cold and warm salt and 67 % acetic acid. The virus protein was only solubilized successfully with formic acid. When obtained in this way, the protein was aggregated and flocculated above pH 4"6 but could be re-solubilized by (1973) showed that the capsid of the virus of Gonometa podocarpi consisted of five different polypeptides, ranging in mol. wt. from I2 to 47"5 x io 3. Thereis thus a major distinction between the capsid compositions of these viruses.
The isolation of high mol. wt. RNA required the degradation of the virus with SDS, prior to partition of the components with phenol. The procedure (method 2) is similar to that of Clark & Lister (I 97 I) who found, using the standard phenol procedure, that extensive degradation of tobacco streak virus RNA occurred during isolation. High mol. wt. RNA was obtained only by prior incubation of TSV at 4o °C for 3o min in the presence of 1% SDS and 3 mg/ml bentonite, to partition with phenol. They proposed that this degradation occurred during isolation and was due to the over vigorous separation of the protein and RNA. Thus, for Nudaurelia capensis fl virus, it is possible that the stability of the virus is due in part to the extensive RNA: protein bonding and that sudden rupture of the virus structure, while these bonds are intact, leads to breakage of the RNA.
From the base ratio obtained in this work, a phosphorus content of 9"42 % was calculated for the RNA. From the value of I6"3 x Io 6 for the mol. wt. of the virus (Polson et al. 197o ) and the virus phosphorus content of I.o3 %, the mol. wt. of the RNA was estimated to be 1.8 x Io 6, and the nucleic acid content 11%. The cryptogram for Nudaurelia capensis fl virus is thus R/I; ~.8/iI; S/S; I/O. As the virus of Gonometa podocarpi contains 37 % RNA (Longworth et al. 1973 ) there is also a major difference between the nucleic acid contents of these viruses. The subtraction of the mol. wt. of the RNA from that of the total virus indicates a mol. wt. of I4"5 x Io G for the protein capsid. By dividing this figure by the estimation of 6o to 62 × Io 3 daltons for the monomeric protein, we calculate that the capsid has 234 to 24I protein sub-units. These may be arranged into 42 capsomeres, in contrast to the proposed structure containing I62 capsomeres (Tripconey, I97o) .
Nudaurelia eapensis fl virus shows no serological or physical identity with the virus of Gonometa podocarpi, other than that both contain single-stranded RNA and are of similar size. Although Longworth et al. (I973) stated that the virus of G. podocarpi had many properties in common with the enteroviruses, there may be justification for classing the nonoccluded viruses of the Lepidoptera into a separate sub-group of the Picornaviruses.
